It is important to find the target as soon as possible for search and rescue operations. Surveillance camera systems and unmanned aerial vehicles (UAVs) are used to support search and rescue. Automatic object detection is important because a person cannot monitor multiple surveillance screens simultaneously for 24 hours. Also, the object is often too small to be recognized by the human eye on the surveillance screen. This study used UAVs around the Port of Houston and fixed surveillance cameras to build an automatic target detection system that supports the US Coast Guard (USCG) to help find targets (e.g., person overboard). We combined image segmentation, enhancement, and convolution neural networks to reduce detection time to detect small targets. We compared the performance between the auto-detection system and the human eye. Our system detected the target within 8 seconds, but the human eye detected the target within 25 seconds. Our systems also used synthetic data generation and data augmentation techniques to improve target detection accuracy. This solution may help the search and rescue operations of the first responders in a timely manner.
INTRODUCTION
Unmanned aerial vehicles (UAVs) have long been considered for search and rescue operations [1] [2] [3] . One of the important advantages of UAVs used in search and rescue operations is that it is possible to detect small objects in a wide range when the victim is far away and difficult to find. Currently UAV video cameras have very high resolution (4k). It's hard to find the injured distant person in the high-definition video with the human eye. The human eye has the advantage of knowing the context of the image and finding where it is likely to find victims based on prior experiences. But the human eye can focus on only a small part at a time. Also, the object we are looking for in search and rescue operations is very small and usually in a dark environment.
Reducing time for search and rescue is important. In many cases, the survivability of the victim decreases exponentially over time 2, 4 . To save time, we applied a combination of image segmentation, image enhancement, and convolutional neural networks to detect small humans using video recorded from UAV. Image segmentation is a patchbased system that uses divide-and-conquer strategies to partition images into overlapping patches and extracts the features of each patch 5 . This algorithm has been used to demonstrate improved object detection performance 5, 6 .
Previous studies developed a search plan to improve accuracy and latency to locate victims 7 . SARPlan, developed by the Canadian Forces to optimize the search mission, begins by defining the potential area with a geographic decision support system. Then, based on the effort availability and victim probability in the map, the system optimally allocates possible effort to generate an optimal search plan. Another related example is the EU-ICARUS project, which develops assistive robot tools for search and rescue operations 8 . Robot tools for sensing and perception collect data from multiple sensors installed in UAVs or external data sources (e.g., CCTV) and combine them for target detection and tracking. This research focused specifically on robotic tools and lacked sophisticated target recognition algorithms to operate them.
With the recent advances in deep neural network architectures, we achieved unprecedented target recognition accuracy and latency [9] [10] [11] . Transfer learning, incremental retraining, and data augmentation techniques have proven effective for target recognition 12 . DARPA announced the subterranean challenge last year, and one of its required capabilities is to detect hazardous objects in a dark, unknown environment 13 
